of 5-10% in the general population. 10, 11 Of importance, differences in the composition of the Jewish populations in the US and Israel complicate comparisons of the epidemiology of KS and KSHV in these countries. These differences can be understood in the context of the migrations of the Jewish people over the past 2000 years (termed the 'Diaspora'). 12 As a result of these movements, a large population of Jews (Ashkenazi Jews) eventually arose in Central/Eastern Europe. Another large group (Sephardic Jews) trace their origins to Spain during the period of Islamic rule. Most US Jews are of Ashkenazi descent, while Israel includes both Ashkenazi and Sephardic Jews. Differences in disease risk between Ashkenazi and Sephardic Jews might be due to environmental exposures or genetic differences (e.g. TaySachs disease is common only in Ashkenazi Jews 13 ). In Israel, Sephardic Jews have a higher risk of KS than do Ashkenazi Jews, which could be due, at least in part, to higher KSHV prevalence. 9, 10 No prior study has examined KSHV epidemiology among US Jews, or elderly Jews in particular, who are at risk for classic KS. We therefore performed a cross-sectional study of patients attending a New York City geriatrics clinic. A substantial proportion of the patients in this practice are Jewish, and many patients were born outside the US. We measured KSHV seroprevalence in a sample of the Jewish and non-Jewish patients. Additionally, to look for differences in immune-mediated control of asymptomatic infection, we titred KSHV antibodies and assayed for KSHV viraemia.
Methods
We studied patients (age у65 years) from the Coffey Geriatrics Associates practice at Mount Sinai Hospital (New York City) from February to December 2000. Patients were recruited consecutively. However, to enrich the proportion of Jewish subjects and males, we intermittently suspended enrolment of other subjects. Also, as part of a health-related lecture series for elderly adults at a neighbouring Young Men's and Women's Hebrew Association, we enrolled 14 additional elderly Jewish subjects during a single-day period. Following a uniform protocol, subjects answered questions regarding demographic information and medical history and provided a blood sample. Participating subjects provided informed consent. This study was approved by institutional review boards at the National Cancer Institute and Mount Sinai Hospital.
Plasma and cells were separated within 24 hours of phlebotomy and stored at -70°C. As previously described, 14 we tested subjects for antibodies using two assays: an enzyme immunoassay for antibodies to K8.1, which is a KSHV structural glycoprotein; and an indirect immunofluorescence assay (IFA) for antibodies against KSHV latency associated nuclear antigen (LANA), encoded by orf 73. Individuals were considered KSHV-seropositive if they had antibodies detectable by either K8.1 EIA (optical density Ͼ1.00) or IFA. Additionally, we measured antibody titres by K8.1 EIA or IFA for individuals who were positive on these assays. Finally, for seropositive subjects, we used Taqman polymerase chain reaction (PCR) to detect and quantify KSHV DNA in peripheral blood mononuclear cells, as previously described. 15 We compared KSHV seroprevalence across groups using the χ 2 test (Fisher exact test when counts were small) and tested for linear trend using the Mantel-Haenszel χ 2 test. We compared antibody titres between groups using the Wilcoxon rank sum test and examined the relationship between titres and age with linear regression. A 5% significance level was used in statistical tests.
Results
The study included 467 subjects (Table) . Two-thirds were female. The median age was 80 years (range 65-99). By design, Jews comprised the largest religious group (43.7%), although substantial proportions of subjects were Protestant or Catholic. Most study subjects (73.9%) were born in the US. Of Hispanic subjects, 22 (52.4%) were born in Puerto Rico. Among Jews, 157 (77.0%) were born in North America, 25 (12.3%) in Central/ Eastern Europe, 14 (6.9%) in Western Europe, 1 (0.5%) in Mediterranean Europe, and 7 (3.4%) in other regions. Jews made up the majority of people born in Central/Eastern Europe (86.2%).
Forty subjects (8.6%) were KSHV-seropositive. There were no significant differences in seroprevalence across categories of sex, race, or region of birth (Table) . Seroprevalence was highest in individuals у88 years old (Table) , and a linear trend in seroprevalence with age was significant (P = 0.03).
Seroprevalence was 8.8% among Jews, which did not differ from seroprevalence in other religious groups. Fifteen of 180 Ashkenazi Jews (8.3%) were seropositive, compared with 2 of 12 Sephardic Jews (16.7%, P = 0.29). Seropositive Ashkenazi Jews were born in the US (12 subjects), Czechoslovakia (1), Hungary (1), or Russia (1). The two seropositive Sephardic Jews were born in the US and Suriname.
Only one of the 40 seropositive subjects had detectable KSHV in peripheral blood mononuclear cells (457 copies per million cells). This individual, one of two Puerto Rican subjects (9.1%) who were KSHV-seropositive, had no history of cancer or immunosuppressing conditions. He was K8.1-seropositive but IFA-seronegative.
We measured K8.1 and IFA antibody titres in people with detectable antibody on these assays. The highest K8.1 antibody titre was observed in the Puerto Rican individual with viraemia (titre 5120). The K8.1 antibody titres were significantly higher in men than women (geometric mean titre 177 versus 35, P = 0.03). The K8.1 antibody titres also tended to increase with age ( Figure, Panel A) . This trend was most apparent after excluding the subject with viraemia (P = 0.02). The K8.1 antibody titres did not differ overall by religion (data not shown). However, K8.1 antibody titres were significantly higher in the three K8.1-seropositive subjects from Central/Eastern Europe (titres 1280, 1280, 320), all of whom were Jewish, than in other seropositive subjects (geometric mean titre 39, P = 0.006). By contrast, IFA antibody titres did not differ between men and women (geometric mean titre 872 versus 1600, P = 0.75) and did not vary by age (Figure, Panel B; P = 0.84). The IFA antibody titre also did not differ across subgroups defined by religion or place of birth (data not shown).
Discussion
We found that 8.8% of elderly Jews living in New York City were KSHV-seropositive. Two prior studies documented KSHV antibodies in 5-10% of Israeli Jews. 10, 11 Nonetheless, seroprevalence estimates from those two studies and ours are not directly comparable. Most subjects in the previous studies were much younger than our subjects (almost all were children or young/middle-aged adults). In one of the studies, KSHV seroprevalence was 18% in a small subgroup of individuals у55-years-old, 10 which is higher than we observed. However, unlike our study, both Israeli studies included a large fraction of Sephardic Jews, who may more often be KSHV-seropositive than Ashkenazi Jews. 10, 11 The prior studies did not include nonJews as a comparison group.
Among elderly adults in our study, we did not find especially high KSHV seroprevalence in Ashkenazi Jews or in people from Central/Eastern Europe. This was somewhat surprising because these groups appear to have heightened risk for classic KS. [6] [7] [8] [9] Furthermore, seroprevalence among our Jewish subjects was noticeably lower than seen in the Mediterranean region. For example, 20% of elderly adults from Sicily and 25% from Sardinia have KSHV antibodies, 2 over twice as high as we found in US Jews, even though Italians and Ashkenazi Jews have a similarly elevated risk of classic KS. 1, 2, 7, 9 Likewise, in our study men and women had similar seroprevalence rates, although elderly men have a higher risk of classic KS than women. 2, 9 Taken together, these considerations imply that observed differences in KS risk across various populations are not entirely due to differences in the prevalence of KSHV infection. Instead, the risk of KS is partly determined by events that occur after infection, specifically how well KSHV infection is controlled by the immune system in asymptomatically infected people.
Further support for this idea is provided by our data on antibody titres. KSHV viraemia is uncommon in asymptomatic infection, even in the presence of immunosuppression, suggesting an absence or only a low level of viral replication. 16 Notably, the single individual in our study who had detectable viraemia had a very high K8.1 antibody titre. Also, we found that to some extent, K8.1 antibody titres in various subgroups paralleled their reported KS risk, with relatively high titres seen in men, adults aged over 85 years ( Figure, panel A) , and people from Central/Eastern Europe. It seems plausible that high K8.1 antibody titres could reflect higher levels of KSHV replication, since the K8.1 glycoprotein is a structural component of KSHV expressed only during viral replication. In turn, poor immune control of viral replication might predispose KSHV-infected individuals to develop KS. The IFA antibody titres (which measure antibodies to LANA, a protein vital for viral latency and persistence) were not associated with KS risk in our study, although that was seen in a study of Italian blood donors. 3 Combined with other information, our seroprevalence data can be used to estimate the risk for developing KS among elderly Jews with asymptomatic KSHV infection. Overall, KS incidence in the US is 1.3 per 100 000 person-years among older adults (у65-years-old), based on data from before the 1980 onset of the HIV epidemic. 17 Among US Jews, the incidence of this malignancy is roughly six times higher (i.e. 7.8 per 100 000 person-years). 7, 8 Given that all cases of KS occur in KSHVinfected individuals (who, based on our data, make up 8.8% of the elderly Jewish population), we can then estimate that the incidence of KS is 89 per 100 000 person-years among KSHVinfected elderly adults (i.e. 7.8/0.088, per 100 000 person-years). Similar calculations for Israeli Jews, using published data, 9,10 yield a KS incidence of 36 per 100 000 person-years for KSHVinfected people у55-years-old. These estimates are both higher than those previously calculated for elderly KSHV-infected adults in Sicily, Sardinia, or Malta, 2 which ranged from 9 to 32 per 100 000 person-years. The calculations thus illustrate that the relatively high risk for KS among elderly Jews arises largely because of a high risk for this malignancy among those who are already KSHV-infected, rather than from an especially high prevalence of KSHV infection. This component of KS risk, which we suggest reflects immune control of KSHV infection, could conceivably be determined by host genetics, age at KSHV infection, characteristics of the infecting viral strain, or other environmental exposures.
The incidence of classic KS is relatively high in Puerto Rico. Before the HIV epidemic, KS incidence among older adults was reported to be 48% greater there than in the continental US. 18 In our study, KSHV seroprevalence was similar for Hispanics born in Puerto Rico and elsewhere. Importantly, one Puerto Rican individual had detectable circulating KSHV, in the absence of immunosuppression. Viraemia was present at a higher level (457 copies per million cells) than typically seen even in HIVinfected KS patients (median 20 KSHV copies per million cells). 19 Additional studies of people from Puerto Rico may help explain their elevated KS risk.
The absence of a gold-standard test for asymptomatic KSHV infection poses a continuing challenge for studying the epidemiology of this infection. 14 Of interest, there was only fair agreement on serostatus between our two tests, K8.1 enzyme immunoassay (EIA) and IFA. Among 40 seropositive subjects, only 8 were positive on both assays (κ = 0.30). This lack of agreement might indicate that one or both tests were inaccurate (low sensitivity or specificity). However, in a previous study of elderly adults, 14 we found that our K8.1 EIA had high sensitivity (100%) and specificity (98%); the IFA also had high sensitivity (99%), although it was less specific (90%). We therefore interpreted the lack of agreement between the two tests as reflecting biological differences among subjects in their antibody response to infection, i.e. some infected individuals primarily mount an antibody response to latent infection (as measured by IFA), while some manifest an antibody response to replicating virus (as measured by K8.1 EIA). Thus, we considered people positive on either test as being infected. Future studies will be aided by a more complete understanding of the natural history of KSHV infection and identification of highly accurate serological assays. A further limitation of our study was the small size of some subgroups, such as Sephardic Jews and non-Jews from Central/Eastern Europe.
In summary, we found that KSHV seroprevalence in elderly US Jews was 8.8%, similar to that observed in other groups of older-aged adults. Antibody titres to a structural protein of KSHV (K8.1) paralleled KSHV risk and might identify individuals whose 
Panel B
This panel shows antibody titres, measured using an indirect immunofluorescence assay, as a function of age. Data are presented for the 24 IFA-seropositive subjects. Titres are shown on a log-transformed scale. The subject with circulating KSHV DNA was IFA-negative and so is not depicted in this panel.
